The F ... F non-bonded distances are strikingly constant in a large series of trifluoromethyl derivatives. Semiempirical NDD0 calculations have been performed for five representative molecules. From the energy partitioning it appears that the bonding interactions (resonance energy terms) are dominating in determining the molecular geometry. The constancy of the nonbonded distances may occur as the changes in the bond lengths and bond angles are compensated. A good description of the total energy, however, necessitates the inclusion of the two-center electrostatic terms of all atom pairs.
Introduction
The concept of intramolecular non-bonded interactions has proved to be very useful [1, 2] . Tor example, the geminal F... F non-bonded distances as determined experimentally, appear to be strikingly constant. Their mean value in a series of 40 CF3 derivatives was found to be 2.162 Ä with a standard deviation of 0.008 Ä [3] . Further recent results are in complete agreement with this observation. Thus, e.g., this distance is 2.151, 2.157, 2.153 Ä in CF3CI, CF3Br, CF3I, respectively [4a] The observation on the constancy of the F... F distance has been successfully used in discussing controversial structural results [3, 5] . The constancy of the O... O non-bonded distances in sulphone molecules has also been noted [6] and this observation has been utilized, among others, in assigning rotational spectra (cf., e.g. [7] ). Glidewell and Meyer [5] Surveying the literature reveals that relatively little effort has been spent on understanding the origins of the constancy of non-bonded distances in large series of molecules. Thus the present work on some trifluoromethyl derivatives has been initiated. The primary aim was to throw some light on the relative importance of the bonded and nonbonded interactions in determining these molecular geometries.
The energy partitioning has been carried out for the calculations in which the experimentally determined geometries have been assumed. To test the calculations, however, complete geometry optimization was performed for fluoroform. This test showed good agreement between the experimental and calculated geometries. Even if the experimental and calculated structures would be somewhat different, however, it is expected that the differences have systematic character and do not influence the conclusions of the energy partitioning.
It is pleasing that the calculated parameters were consistent with the experimental information where available, but the choice of the molecules for the calculations was made on the basis of the simplicity of these molecules and not on that of the level of accuracy of their experimental geometries. This may be justified by the fact that the experimentally observed constancy of the F... F distances referred to a relatively large series of derivatives.
Method
The quantum-chemical calculations have been performed by the semiempirical NDDO method [8, 9] , used in the same version as in [10] . The total energy partitioning was carried out according to Fischer and Kollmar [11] as described for the NDDO version by Köhler and Birnstock [9] . The total energy is the sum of one-and twocenter terms:
where
The one-center terms are in turn the electronelectron repulsion, the electron-nuclear attraction and the exchange energy. The two-center part is given in the form of the following sum:
where EAB is the resonance energy and EAB the nuclear-nuclear repulsion. The other terms are the two-center equivalents to the corresponding onecenter terms. The following notations are used:
Ef* = E J A + Ej and
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defining the sum of the classical Coulomb terms as one-center and two-center electrostatic terms.
The calculations for the five trifluoromethyl derivatives considered have been performed using experimental geometries: fluoroform CF3H [12] , 1,1,1 -trifiuoroethane CF3-CH3 [13a]*, 3,3,3-trifluoropropyne (trifiuoromethylacetylene)CF3C = CH [14] , 3,3,3-trifiuoropropene CF3-CH=CH2 [15] , and trifluoromethyl hypofluorite CF3-OF [16] .
Previous NDDO results on NH3 and NF3 [17] , as well as on trans-and cis-glyoxal [10] are also considered in the discussion.
* The referee pointed out a more recent and more accurate work on CF3 -CH3 [13b]. The geometries of the CF3 groups, however, differ very little in the two studies.
For the CF3H molecule the C-F and F...F distances have been optimized and the dependence of the partitioned energy terms on the C-F and F...F distances has been examined. The C-H distance has also been optimised and the experimental value (1.098 Ä) was reproduced within 0.01 Ä.
Results and Discussion
First the relative magnitudes of the energy terms of bonded and non-bonded atom pairs within the CF3 groups are considered. The two-center repulsive and attractive terms for the C-F and C-X bonds (X denotes the atom connected to the CF3 group) and for F... F atom pairs are collected in Table 1 together with the same terms for the corresponding interactions in NH3, NF3, and trans-and cisglyoxal.
The repulsive and attractive terms are larger for the F...F pairs of atoms than for the C-F bonds in the trifluoromethyl derivatives. This situation is just the reversed to what is generally observed. In most cases, the electron-electron repulsion, the nuclear-nuclear repulsion and the absolute value of the electron-nuclear attraction are larger for the bonded than for the non-bonded atom pairs. The sum of the repulsive and attractive term, i.e. the electrostatic terms is several tenths of a.u. for bonded atom pairs. The total is positive, i.e. the repulsion dominates. For the non-bonded pairs, the electrostatic term is of the magnitude of thousands of a.u. A typical example is presented by NH3 in Table 1 . For NF3 the F... F terms come close to the corresponding N-F terms. For cis-glyoxal the corresponding terms are larger than for trans-glyoxal. The examples shown demonstrate that the presence of electronegative atoms at short distances in a molecule increases the relative magnitude of nonbonded repulsive and attractive terms. In these four examples, with the exception of the EAB value of trans-glyoxal, the bonded interactions have larger values, than the non-bonded terms. It should be emphasized that the electrostatic term is in each case by two orders of magnitude larger for the bonded atom pairs than for the non-bonded ones.
The two-center resonance, electrostatic, and exchange terms of the CF3Y molecules are shown in Table 2 . Comparison of the partitioned energy terms in various derivatives may be of interest. Very small deviations are seen in the molecules with carbon as adjacent atom to the CF3 group while the largest deviation from the mean occurs for CF3OF.
In order to determine the role of bonded and nonbonded interactions, the behaviour of the energy terms as a function of the C-F and F...F distances is investigated. The geometry of CF3H has been optimized, the total energies and their onecenter and two-center parts for different C-F and F...F distances are shown in Table 3 . It can be seen that the total-energy minimum occurs at .. F = 2.146 A for rc-F=l-33Ä (the experimental value). For the experimental value (2.166 A) rc-F=l-34 is obtained (giving slightly higher total energy minimum). Thus the calculations well reproduce the experimental geometry.
The partitioned energy terms as a function of the F...F distances for rc-F=l-33Ä are shown in Finally the partitioning of the two-center terms into bonded and non-bonded contributions is considered. Figures 2 and 3 show the bonded and nonbonded contributions, respectively. Among the bonded terms, only the resonance energy curve has a minimum at 2.166 A, the sum of the two-center bonded terms shows a minimum at 2.176 Ä. None of the non-bonded component terms have minima, while their sum has a flat minimum at 2.206 A.
It can be concluded that the bonded interactions, especially the resonance terms, are primarily determining the molecular geometry. The fact, however, that the minimum of the E^B (bonded) curve is not exactly at the same F... F distance as that of the total energy curve, points to the fact that the former is not exclusively responsible for the actual geometry. The total energy curve can be best approximated by the sum of the EAB (bonded) and curves. Only the addition of the complete electrostatic contribution reproduces well the total energy curve, while the inclusion of only selected bonded or non-bonded terms does not give acceptable results. It seems therefore that the additional effect to the resonance energy comes from contributions of all atom pairs. Since the two-center electrostatic terms are for each atom pair positive, the net electrostatic potential is of repulsive character.
As the bonded interactions appear to be primarily determining the geometry in the series of molecules examined, the constancy of the F...F distances may be a consequence of compensated changes in the C-F bond lengths and F-C-F bond angles.
